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RESFONSE OF PROPELLANT
TO HWERVELOCM’ AI’T’ACK

Blaine W Asay, John B. Ramsay, and A. Wayne Campbell
Explosives Applications Group, M-8

Los Alamos National Laboratory
P.O. BOX 1663, MS J960
LOS AhMnos, NM 87545

This study was undertaken 10 examine the bhavior of heterogeneous
gun propellants when they MC impacted by shaped-charge jets. In the
immediate area surrounding the impact point, the pressure is believed
to be above the detonation pressure of the full-density propellant.
However, a detonation does not necessarily wcur, and if it does, the
detonation does not necessarily propagate. This is a function of grain
size, web, wrf pattern, jet diameter, propellant failure diameter, and
composition. We hope to eventually understand the mechanism and
physics of the failure of detonation in these systems. This report
summarizes the initial work performed in support of the study. The
results presented here formed the groundwork for a more specific
effort, which is continuing.

Figure 1 is a schematic description of the model we are using KOhelp
define the regions of intc:cst in the case of detonation failure. The jet
impacts the propellant and initiates a detonation in the immediate
vicinity of tht jet tip. Detonation prmeeds for a certain distance and a
transition to a violent deflagration occurs. This reaction propagates
until a tran~ition to a mild bum occurs. The delineation between these
regions may or may not be clear<ut and this description is necessarily,
in the absence of experimental evidence, overly Simplified, However,
the ideas are conceptually sound, and it is with this model in mind that
the initirnl cxpcnmental plan was devised.

Wc first performed several tests that were intended to provide
experience with the new ma!enals. These were followed by a series of
[csts in which radiographs were taken of the reaction frori at different
times to determine if ~hc rcsction front structure and detonation failure
could be identifid. Several shots using shock pins on the outside of the
con~ainment VCSSCI to measure wave velocities were then fired. The
tests to this point used a booster of PBX 9501 (95% HMX, 5% Estane) at
the top of h confining tube to initiate the reaction in the propellant bed.
Finally, two tents were conducted in which small shaped-charge jets
were fired into a bed of propllant. These tests will be described in



mm. Table I shows the composition of the gun propellant that was
used throughout !his series of tests.

Front Vi~
. .

n
The propellant was confined in polymethylmethacry late (PMMA) IUbCS

2.5-in. o.d., 2.O-in. id. and 6 in. long. ‘k tube containing the propellant
was placed on an 8-by 8-by 3-in. -thick steel witness plate. Radiographs
(450 keV) were taken of the reaction front at various times. PBX 9501
(2-in. diam. by 2-in. long right circular cylinder) was used to initiate the
reaction. Figures 2-7 are prints of the radiographs obtained during this
portion of the study. Each radiograph represents a separate test with
conditions identical to the others in this series. Only the time at which
the radiograph was taken was varied. The reaction front is fairly thin
and well-defined Immediately after initiation. It becomes more diffuse
as time progressc’ . Examination of the witness p~ate after each of the
tests revealed no dent. The only markings on the plate were an
occasional small indentation that most Ilkcly wcurred when a reacting
pellet was driven into the plate.

The position of the reaction front was obtained visually and plotted
against time. This plot is shown in Figure 8. Note here (it will be
demonstrated later) that a constant velocity detonation was never
achieved.

One other w was camied out in this series in which a pMMA tube
described above was packed with propellant. Three individual grains of
propellant were wrapped in a 1-roil (0.25-pm) lead foil and these were
placed into the bed at three locations. The bed was initiated as
described above and two radiographs were taken at separate times.
Figures 9 (a) and (b) show radiographs of the &d before initiation. The
two views are the result of using two x-ray tubes positioned at
different angles. Figures 10 (a) ●nd (b) show the tube at two distinct
times after initiation. Two observations c--n be made. First, no
significant compression of the bed is evident ahead of the main reaction
front. The reaction front is almost touching tile tracer pick in Figure
10 (a), but the particle has not moved or been deformed. Second,
complete reaction is seen to occur, but no clearly cicfined thin reaction
front exists, as is observed in a detonation.

hm.wmcnud pin
Figure 11 is a schematic of the test configuration that was used during
this portion of the study, Three different tubm were used, al! 12 in.
long. Two were copper of 1.87-in. id. and 3.37-in. id. respectively,
Each had l/16-in, wall thickness. The third tube was PMMA, 2.5-in. o.d.
and 2.O-in. id. The brass shock pins were offset frohi] the tube by a thin
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Mylar tape. In the test using the PMMA tube, a thin copper
glued to the wall to provide the conduction plane required.
switch was placed between the tube and the witness plate
overall transit times.

foil was
A foil

o record

Figure 12 shows the shock pin data for the 1.87-in. id. copper tube.
The slope of the least-squares line is 3.3 mm/Vs. Figure 13 shows the
pin data for the 3.37-in. copper tube. The slow was 4.4 mm/~s. In

both these tests, as shown by the shwk pin data, a steady velocity was
obtained. Figure 14 shows the data taken when the propellant confined
in the PMMA tube was initiated. A steady velocity was never
established.

To ensure that the copper tubes were long enough to allow failure, two
more shots were fired in which the tube lengths were increased to
about 10 diameters. That is, the 1.87-in. id. copper tube length was
increased to 20 in. and the 3.37-in. id. tube length was increased to 35
in. Figures IS and 16 show the re$ults of these two shots. In the
propellant confined in the 1.87-in. id. tube, detonation failed at about
12 in. whereas the detonation in the larger tube propagated at constant
velocity. Figure 15 shows data ffom both the 20 in. ●nd the 12 in. tests.
These data demonstrate that, at least in the case of the M2 propellant, a
detonation can be sustained for Up to 6 diameters, even when the
system is below failure diameter. Figure 17 shows a witness plate from
a shot in which a 1.87-in. id. copyr tube of 6 in. length was loaded
with M2 propellant and initiated with PBX 9501. A significant dent in
the witness plate resulted from this shot, even thoudh we have
demonstrated that the charge WaS Mow failure diameter.

Jet Mm
The final test series consisted of firing a small copper jet into a square
PMMA box filled with propellant. Shock pins were arranged along the
side of the ba. Figures 18 (a) and (b) show a static ●nd a dynamic
radiograph taken some time later. The jet can be cleuly seen. The
reaction frortt appears out il~ front of the curve-d jet tip. The object in
the upper center of the picture is a pin connector. No dent in the
witness plate was obsemed. However, if the propellant were detonating
only at the jet tip (the centm rcgi~ in Figure 1), then the resulting dent
could have been swept out by the Pcnetratiltg jet. The renction was
certainly very violent. During a second shot in this series, a large
aluminum x-ray film cas9ette was thrown nearly 100 ft from the
propellant charge. Unfortunately, the film waa destroyed.
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The following observations and conclusions resulted from the work
performed during these initial tests.

(a) The structure at the reaction front was observed by means of
radiography. Details of this structure were not clearly identified.
Currently, we are digitizing and enhancing severd of the idiographs to
identify salient features that may help in understanding the failure
mechanism.

(b) Detonation vehxity is a strong function of confinement.
(c) Detonation velocity is a strong function of charge diameter. This is

a good indication that the reaction is not a strong function of the
thermodynamic state.

(d) No detonation was observed when the confinement was PMMA.
(e) Failure diameter of the M2 propellant confined in copper is

approximately 2 in., and failure can occur up to 6 diameters from the
initiating charge,

(~ Several diagnostics have ken evaluated and found suitable for this
study.

Future work will include a more in-depth examination of the reaction
front using radiography ah weli as ionization pins and possibly
manganin gauges to map out pressure histories. The result of this study
should be an increased understanding o; the initiation and failure of
detonations in porous heterogeneous media. We hope to find a
re)ativcly simple test that will be able to identify differences in
dctonability between propellants of varying compositions and
structures.
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Figure 1, Schematic of regions of in:ereat in the cxw of detonationfailure,
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TABLEI

M2 PROPELLANTCOMPOSITIONAND
CHARACTERISTICS

Nitrocelldose 77.45

Nitroglycerin 19.50

Barium nitrate 1.40
Potassium nitrate 0.75

Graphite 0.30

Ethanol 2.30

Water 0.70

bchoric Flame Temp(K) 3319
Heat of Explosion (cal/g) 1080

Spedfk Gravity (gal) 1.65
Pressure Exponent 00755
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Figure & x-t plot of reacticn front.



Figure9. Static of PMMA tube filled with M2 propellant hating 3 kd-wrapped grains
piaced at three locations a tracera.
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Figure 11. Schematic of test configuration for
instrumented pin uhots.
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Figure 12, x-t piot for Shot No. C5851,
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Figure 13. x-t plot for Shot No. C5655,
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Figure 14. x-t plot for Shot No. C5@56
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Figure 15. Compadson of data from tuhw 1.fJ7-in id. and
12 In. and 20 in. long- M2 propellant
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Figure 18. Static (q and dynamic (b) of copper jet penetrating PMMA box filled with M2 propellant.


